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SCOPE 

This  r epor t  cove r s  work performed during the period Februa ry  

10, 

SRI P ro jec t  No. ASD-5046 under 5PL Contract No. 950745. 

1967 to March  1, 1967 on "Polymers  for  Spacecraft  Hardware,  ' I  

The p r i m a r y  objectives of this p r o g r a m  a r e  to  assist the J e t  P r o -  

pulsion Laboratory of the California Institute of Technology i n  the ex- 

aminat ion of polymeric  mater ia l s  t o  be used in connection with JPL 

spacecraf t s ,  and to  prove a study of the effects of simulated space-  

c ra f t  environments on selected commerc ia l  polymeric  products.  

m a t e r i a l s  to be  studied have been provided by the JPL Cognizant En- 

gineer.  

The 

WORK PERFORMED 

Volatile Condensable Mater ia l  

Volatile condensable mater ia l  (VCM) is defined a s  the weight of 

condensate obtainable a t  25OC in  a given interval  of t ime f r o m  a unit 

weight of a thin sample  of ma te r i a l  maintained a t  125O C in a vacuum 

of at leas t  5 x The micro-VCM technique has  been  estab-  

l ished as  a procedure for rapid screening of polymeric  samples  of the 
o r d e r  of 100 mi l l i g rams  for  maximum- VCM content and total-weight- 

loss .  

products  have been established a s  <170 weight-loss and < O . l ( r o  VCM, 

as obtained in  the micro-VCM procedure. 

t o r r .  

The l imi t s  of acceptance for fur ther  evaluation of polymeric  

The macro-VCM technique, utilizing samples  of 3 to  10 g rams ,  

provides  information on the deposition and re-evaporat ion of VCM as 

a function of t ime, as well a s  weight-loss data;  i t  is used for  m a t e r i a l s  

which qualify for  fur ther  evaluation as a r e su l t  of micro-VCM deter -  

minations, as well as for mater ia l s  which have margina l  qualifications 

but a r e  unique and c r i t i ca l  for spacecraft  applications. 

Micro- VCM 

Micro- VCM data for  severa l  f i lm-type adhesives  a r e  summar ized  

in  Table. 1. These ma te r i a l s  w e r e  considered to b e  of sufficiently good 

charac te r i s t ics  to be  evaluated fur ther ,  and a r e  included in the cu r ren t  

cobprehens ive  polymer tes t  p rogram (vide -- infra). 

-1- 



In Table 2 a r e  micro-VCM data for  a number of sleeving ma- 

t e r i a l s ,  which i l lus t ra te  the effects of different cur ing  cycles.  The 

r e s u l t s  obtained af te r  c u r e s  of 24 hr /150° C, requested by the Cogni- 

zant Engineer,  were  reported i n h t e r i m  Report No. 3;  the de te rmi-  

nations have been repeated on the ma te r i a l s  in the a s - r ece ived  s ta te  

s ince cu r ren t  prac t ice  a t  JPL  i s  to use them di rec t ly  without postcuring. 

It is interest ing to note that the ma te r i a l  recommended as a suitable 

candidate for  spacecraf t  use  after the c u r e  a t  150° C for  24 hours is 

a l s o  the mos t  suitable candidate in the a s - r ece ived  state.  

In the s e a r c h  for windows for the far inf ra red  region, space-ex-  

per iment  des igners  have considered use of high-melting-point waxes 

(75-80° C) which show good t ransparency in  the normal  inf ra red  region 

a s  thin fi lms. 

f rom heat sources  o r  other  cr i t ical  optical components, mic ro -  VCM 

determinat ions have been made  at a modera te  t empera tu re  of 70° C. 

These  r e su l t s  a r e  summar ized  in Table 3. 

In view of the fact that  these  ma te r i a l s  a r e  far away 

Micro-VCM bv IR 

Additional work has  been performed on the application of a n  in- 

f r a r e d  spectrophotometric technique for VCM a s  a m e a s u r e  of quality 

control.  

salt f la ts  is within experimental  e r r o r  for VCM content as weighed on 

the copper d i sc s  ( s e e  a l so  Monthly Report No. 32) .  

A s  shown in Table 4, the wt-% of VCM collected on optical  

P re l imina ry  measurements  ( s e e  Table 5) for VCM f rom sleeving 

m a t e r i a l s  re leas ing  the same  type of silicone ("A") and for  VCM from 

a coating m a t e r i a l  and an  elastomer re leas ing  another type of silicone 

{ "B") indicate that a nearly-quantitative relationship m a y  be established 

between absorbance and weight of VCM. 

curves for different types of bas ic  polymers  a r e  different, and thus C a l i -  

b ra t ion  mus t  be made for individual polymeric  products.  

A s  shown in Figure 1, the 

Fabricat ion of modified retaining rings for  the sa l t  f lats,  (to prevent  

the lo s s  of sa l t  in  handling and ensure m o r e  accu ra t e  weights) is near ly  

complete. Additionally, i t  appears  feasible to  use  s tandard sal t  f la ts  of 

about 1 /4"  thickness  r a the r  than the m o r e  f rag i le  1/16" thick f la ts  used 
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in  or iginal  experiments;  modified holders  a r e  being fabricated.  

soon a s  these  new design features  a r e  incorporated,  work wi l l  be  ini- 

t ia ted on the preparat ion of reference IR spec t r a  for VCM f rom com- 

m e r c i a l  polymeric  products which a r e  suitable for spacecraf t  use,  and 

a l s o  on the cor re la t ion  of in f ra red  absorbance with weight of VCM. 

A s  

Macro-  VCM 

Macro- VCM determinations have been completed for  3M's  Velvet 

Black  101-Cl0 and Borden ' s  Mystik Tape 7452. 

and Figure 2, the acceptable level of VCM from Mystik 7452 is i n  ag ree -  

m e n t  with that obtained i n  micro-  VCM determinations (0.040/0, In te r im 

Report  No. 3 )  and evidence is  that i t  m a y  disappear  with time. F u r -  

t h e r  evaluation of this  tape includes examination of mechanical  pe r fo r -  

mance  in  a thermal-vacuum environment and identification of volatilized 

A s  shown in  Table 6 

substances (vide infra). -- 
There  a r e  a l so  indicationsthat the VCM f rom Velvet Black 101-C10 

(Table  6) may  disappear  with time (F igu re  2). 

of cur ing t ime  a t  modera te  tempera tures  of 25O C and 110' C (Monthly 

Report  No. 30) indicated that  the 168-hr per iod a t  110 

p r i a t e  and thus was used for this determination. 

for  analysis  of VCM. ) 

A brief  study of the effects 

0 C was mos t  appro- 

(See "Identifications" 

Macro- VCM determinations a r e  in  p r o g r e s s  for  Luvican M170, 

Delr in  NC-10, Eccofoams S and FS, and Electrof i lms 2396 and 4306. 

Identification of Volatilized Substances 

The substances volatilized f r o m  samples  of Mystik 7452 and Vel- 

vet Black 101-Cl0 a t  125OC and 

spectroscopy. A s  summar ized  in  Table 7, the  p r i m a r y  components of 

VCM for  both of these  mater ia l s  w e r e  identified as low-vapor-pressure  

p las t ic izers  ( o r  f ragments  of base  ma te r i a l s )  such as e s t e r s  of phthalic 

acid,  sebacic acid,  and benzoic acid. The products  were  used in  the 

s a m e  fashion as that for the macro-VCM determinations,  i. e . ,  Mystik 

7452 - as received, and Velvet Black 101-C10 - cured 168 h r  a t  110OC. 

t o r r  were  examined in si tu by mass -- 

In connection with another p rogram sponsored by JPL a t  SRI, the 

Cognizant Engineer requested tha t  determinat ion be made  of the p re sence  
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and identification of any substances which might volatilize a t  125O C 

in  vacuo f rom proposed lubricant coatings. The samples  were  coatings 

of WS, and WSe, on s t ee l  (Dicronite Lubricants,  Division of MPB, Inc.). 

Each  sample was placed in a container d i rec t ly  attached to a medium 

resolut ion mass spec t rometer  of high sensit ivity and evacuated by ion 

pumping a t  room t empera tu re  to a p r e s s u r e  of 1 x 

background was recorded, and then the sample was ra i sed  quickly to a 

t empera tu re  of 125O C and the spectrum was  recorded.  Fo r  each Sam- 

ple, no change in  p r e s s u r e  w a s  noted on the ionization gage, and no 

spec t rum above background w a s  recorded  except for  the b a r e s t  t r a c e  of 

c ommon hy d r oca rb  o n s . 

-- 

t o r r .  A low 

Comprehensive Polymer  Test  P r o g r a m  

The comprehensive polymer t e s t  p rog ram is designed to de te r -  

mine  changes which have occurred in pertinent proper t ies  of polymeric  

m a t e r i a l s  a f te r  a decontamination t rea tment ,  a thermal-vacuum expo- 

s u r e ,  and a decontamination t reatment  followed by a thermal-vacuum 

expo sure.  

The comprehensive t e s t  p rogram (Se r i e s  11) has  been completed 

for the 30 polymeric  products listed in  Table 8. 

t ions,  and procedures  for  the test  p rog ram a r e  descr ibed in  Inter im 

Report  No. 3 .  Additional t e s t  procedures  or sample prepara t ions  used 

for  this  batch of ma te r i a l s  (Ser ies  11) a r e  descr ibed below: 

The equipment, opera-  

(1) Dielectric Constant and Dissipation Fac tor  

Specimens of protective coating ma te r i a l  were  f i r s t  cured 
in f la t  sheet 1 /  16'l thick and then die-cut to 2. 000" diameter .  
Specimens of sealant  ma te r i a l  were  cas t  in aluminum molds 
2. 000" in  diameter  and 1/8" thick. 
t rode sys tem (G-R,  Type 1690A) w a s  used for  these Sam- 
ple s. 

The mic romete r  elec- 

(2)  Compression Set 

Compression set  measurements  were  made  in  accordance 
with ASTM D-395. 

Aluminum molds were fabricated for  cast ing and curing 
samples  for compression- se t  measurements .  The com- 
press ion-  set  test-blocks were  designed and fabricated to 
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fit the sample cel ls ;  the flat plates  of the tes t -blocks 
were  made  f r o m  stainless  s t ee l  304 and the  bolts and 
s p a c e r s  f rom Invar. Taking into account the relat ive 
the rma l  expansion coefficients between Invar and 
s ta inless  s tee l  304 (0.8 x vs 9.6 x lo"), there  
should be l i t t le i f  any detectablechange of the init ial  
compress ion  p r e s  sure .  

( 3 )  Compressive Strength 

Compressive s t rength measurements  were  made according 
to ASTM D-1621; the rate  of compress ion  was 0.1 in/min.  

Tes t  specimens of foam mate r i a l  were  cut with a rotating 
die which had a diameter  of 2. 250". Sealant ma te r i a l  was 
cas t  in  2.250"-diameter molds  a t  a thickness of 1.000 in. 

(4) Adhesion Shear 

Aluminum s t r ip s  1 ' '  x 4" x 1 /16 ' '  with a hole dril led 1 /4"  
f rom one end were  prepared f rom grade 2024-T3 (unclad) 
aluminum. The s t r ips  were  cleaned by sandblasting, de- 
greased  with acetone, and then immersed  in a n  aqueous 
solution of Altrex (6-8 oz/gal)  a t  about 80° C for 8- 12 
minutes.  
and oven-dried a t  70° C. A l l  applications of adhesive 
o r  protective coatings to the t e s t  s t r i p s  were  made 
within 8 hours  of the cleaning process .  

They were  then r insed with de-ionized water  

The adhesives and protective coatings to be  tested were  
applied to  a ruled a r e a  measu r ing  1.0" x 0.5" a t  the end 
each  aluminum s t r ip ,  opposite the hole (used for s u s -  
pending tes t  specimens in the var ious environments). 
s t r i p s  were  then mated and a load of 25 p s i  was applied 
in  most  instances and the samples  were  cured  a s  shown 
in  Table 8 .  

The 

Control and exposed specimens were  pulled with a c r o s s -  
head speed of O.OS"/min, using a n  Instron Model TTCLM-6. 
The tempera ture  of the t e s t  specimens was 70° F during all 
testing. 

(5) Tensi le  and Elongation 

Tensi le  specimens of sea l  and gasket m a t e r i a l  were  cut 
f r o m  6" x x 1 / 16" cured stock by a n  ASTM die C. 

Tes t  specimens of lacing tape were  cut 8" long f r o m  the 
spools and used a s -  received. 
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( 6 )  T - P e e l  Tes t  

T-peel  tes t  specimens were  prepared  f rom 23"-lengths 
of tape and the rma l  insulation mater ia l .  
folded in such a manner a s  to br ing the adhesive-coated 
s ides  of the tape in  contact with each other  and give 6 ' '  
of t e s t  a r e a  in  which to m e a s u r e  the peel  res i s tance  
( s e e  Figure 3). Af te r  folding the specimens,  they were  
rolled with a 1 / 2-in diameter  ro l le r .  

They were  

The tab ends (F igu re  3 )  of the tes t  specimens were  clamped 
in  the gr ips  of the tension tes t ing machine and pulled with 
a c rosshead  speed of 1.00 in/min.  

Note: This  crosshead speed w i l l  cause  separat ion 
of the bond a r e a  a t  a r a t e  of 0.50 in/min.  

F r o m  the load curves ,  recorded  on the Instron, the 
average  peeling load f o r  the f i r s t  5 inches of peeling 
a f te r  the init ial  peak was determined and reported in  
l b / i n  of width. Al l  measurements  were  made  a t  70° F. 

Adhesives (Tables  9-11). - A consistent l o s s  in  adhesion shea r  of about 

2070 i s  noted for  RTV-40/T-12 af ter  any of the t rea tments .  

adhesives  show a dec rease  in  adhesion shear  of - 7  to -4570 af te r  the 

E T 0  t rea tment ,  but a n  acceptable recovery  of values f rom - 5  to i-2570 

vs control a f te r  the following thermal-vacuum t rea tment ;  exposed to 

the thermal-vacuum environment only, they indicate acceptable dif- 

f e r ences  f rom the adhesion shear  of control samples  of -8  to t2570. 

The other 

_. 

Foam Mater ia l  (Tables 12-14). - Lit t le  change (i. e . ,  l e s s  than - t 2070) 

is incur red  for dimensions o r  compressive s t rength by Eccofoam SH 

subsequent to any of the exposures in  the tes t  p rogram.  However, t he re  

is a noticeable difference in compression set. 

Pro tec t ive  Coatings (Tables  15- 17). - The protective coatings incur  

gain in  weight, loss  in  adhesion s t rength  (>2070), and l i t t le change in  

e lec t r ica l  p roper t ies  (except for Stycast  2741 and Stycast  1269) a f t e r  

the E T 0  cycles.  After a thermal-vacuum exposure only, weight l o s ses  

a r e  incur red  but adhesion shear  is improved (over  control)  and e l ec t r i ca l  

p roper t ies  r ema in  about the same (except for Stycasts 1269 and 2741). 

The effect of exposure to both environments indicates again weight losses 

but a genera l  increase  in adhesion shea r  (over  control)  and l i t t le  dif- 

fe rence  in  e lec t r ica l  propert ies  except for  the two Stycasts.  Although 
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Stycast  2741 appea r s  to have improved adhesive s t rength a f te r  the 

thermal-vacuum environment exposure,  samples  which were  exposed 

completely ( in  cont ras t  with those exposed only a t  the per iphery  of 

sandwiched plates  for  the adhesion t e s t s )  were  so degraded that f inal  

measu remen t s  of dimensions, weight loss,  o r  e lec t r ica l  p rope r t i e s  

could not be  made. 

Sealants (Tables18-20). - The most noticeable changes in  mechanical 

p rope r t i e s  following E T 0  teatment a r e  incur red  by RTV-602. 

shows a pronounced loss  of hardness  a f te r  ETO/thermal-vacuum t r ea t -  

ment ;  compress ive  s t rength  i s  lost a f te r  E T 0  and thermal-vacuum 

(TVE) t rea tment ;  compress ion  set is  l i t t le  changed af te r  E T 0  t r ea t -  

ment ,  decreased  af te r  TVE exposure and great ly  increased  af te r  the 

ETO-TVE combination. 

s t rength  a f te r  TVE and ETO-TVE exposures  and a low compress ion  

se t  a f t e r  all exposures.  

b y  the var ious exposures.  

observed for any of the samples .  

It 

RTV-615 displays a gain in compress ive  

RTV-40 and RTV-511 a r e  not too much affected 

Little change in e lec t r ica l  p roper t ies  was 

It was observed that RTV-602 samples  which had been exposed 

to the E T 0  cycles  apparently re leased gases  during the subsequent 

exposures  to the thermal-vacuum environment ( s e e  F igure  4), a s  

indicated by "holes" o r  "gas pockets" in  the samples .  

samples  were  examined by infrared spectrophotometry and m a s s  spec- 

roscopy in  a n  e f for t  to detect any differences in s t ruc tu re  or volatilized 

mater ia l .  

Thus, these  

The infrared spec t ra  for the control  sample and the th ree  exposed 

samples  revealed no differences in  charac te r i s t ic  fea tures  nor any ad- 

ditional features .  

P i eces  of the samples  were cut away f rom the sur face  (about 1 /4"  

x 1 /4"  x 1/2") for m a s s  spec t romet r ic  examination. They were  placed 

in  a sample holder which was  fastened direct ly  to the 3- l i te r  r e s e r v o i r  

of a standard inlet system. The sample  holder w a s  evacuated at  room 

t empera tu re  and immediately brought to  125O C; the vapors  were  col- 

lected in  the 3- l i ter  r e se rvo i r  until sufficient sample p r e s s u r e  was 

available for  scanning. 
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It i s  interest ing to note that even af te r  500 hours  
of exposure to a n  environment of 135O C and 
t o r r ,  the TVE sample was still re leas ing  sufficient 
substances (VCM) a t  125O C in vacuo for m a s s  
spec t romet r ic  study. Since =e or iginal  sample 
was about 1" thick and 2" in  diameter ,  i t  can be 
re -af f i rmed that thermal-vacuum outgassing can- 
not be  recommended for  thick m a t e r i a l s  for space-  
c ra f t  use. 

The r e su l t s  of the m a s s  spectroscopic determinat ions a r e  sum- 

m a r i z e d  in Table 30, but they a r e  not simply interpreted.  

ular-weight si l icones and cyclic si loxanes have been observed in  the 

vapors  f rom all si l icones examined thus far, but the presence  of 

t r imethyl  si lanol (used generally a s  a c ros s - l inke r  for silicone r e s ins )  

is unusual and might be  taken a s  chemical  evidence of the breakage of 

linkages. 

sub stance s. 

Low-molec- 

Values a r e  given as  estimated mol - r a t io s  of the detected 

Tapes (Tables  24-26). - Of the half-dozen Mystik tapes  examined, the 

genera l  t rend  is toward loss  in  dimension, l o s s  in weight (comparable  

to micro-VCM screening data),  and genera l  loss  in  peel strength.  Mystik 

7452 incu r s  the leas t  weight loss, no dimensional change, and the g rea t e s t  

i nc rease  in  pee l  s t rength a f t e r  TVE o r  ETO- TVE, thus appearing super ior  

to other  tapes  which displayed grea te r  peel  s t rength in  the a s - r ece ived  con- 

dition. 

VCM determinat ions (0. 3770 wt-loss,  0.0470 VCM), the fact  that m a c r o -  

VCM determinat ions indicate a n  apparent  dec rease  with t ime of a n  al- 

ready small VCM value, and the identification of volatile substances as 

p l a s t i c i ze r s  ( o r  base  ma te r i a l s )  which may  be polymerizing with heat 

o r  can be pumped away with t ime i f  condensed on a 25O C surface.  

This data co r re l a t e s  well with the candidacy selection by mic ro -  

Tie  Cord/Lacing Tape (Tables  27-29). - Neither of the two tapes  tes ted 

a t  this t ime  show as good performance as Temp-Lace 256H (fluorocarbon) 

repor ted  in  Inter im Report  No. 3. 

FUTURE WORK 

Micro- and macro -  VCM determinations and identification of vola- 

t i l ized substances will be car r ied  out on a continuing bas is .  
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Ser i e s  I11 in  the comprehensive polymer t e s t  p rog ram will b e  

initiated. 

It is anticipated that  preparat ion for  long- te rm s torage  runs  of 

qualified m a t e r i a l s  will be  completed during the next working period. 

ERRATA 

Monthly Report  No. 32 (Februa ry  15, 1967) 

Page  5, Table 11: 

Change Electrofilm 2396, Pos tcured  16 hr/190° C 
to  Pos tcured  16 hr/205OC 

Page  6 ,  Table 111: 

Change Eccocoat PH-7, Cured 2 hr /50°  C 
to  Cured 2 hr/150° C 

Page  7, Table V: 

Change column 2 to Wt-% VCM, Copper Discs  
and column 3 to  Wt-% VCM, Salt Flats 
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Table 1 

Total  Wt. 
Trea tment  1 LOSS, TQ 

Cured 1 hr/175O C ~ 0.68 

I 

Cured 30 m i n /  165O C 0.83 

0.. 6 5  Cured 2 hr/165O C 

Cured 90 min/165O C 0.12 

Cured 90 min/ 165O C 0.26 
I 

Micro-  VCM Determinations: Adhesives 

(24 hr a t  125O C and l o - "  t o r r )  
(VCM collector plates  at 25O C) 

VCM, 
W t - y Q  

0-2 1 

0.17 

0.16 

0.10 

0.08 

Mat e r ial 

Epoxy-nitri le/nylon 

FM- 61 

Epoxy-phenolic/ 
Al-  g lass  

HT-424 

1 Mfr. 

A CB 

A CB 

HT-424 

Epoxy, modified 

Narmco-328 

Narmco- 329 

ACB 

WCN 

WCN 
I 

1 
ACB, Amer ican  Cyanamid Company, Bloomingdale Division 

WCN, Whittaker Corporation, Narmco Division 
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A s  received 

Pos tcured  24 hr/150° C 

A s  received 

A s  received 

Pos tcured  24 hr /150° C 

Table 2 

0.20 0.23 

0.13 0.11 

0.54 0.32 

0.49 0.. 05 

0.22 0.05 

Micro- VCM Determinations: Sleeving; 
Effect of Pos t cu res  

A s  received 

Pos tcured  24 hr /150° c 
A s  received 

Pos tcured  24 h r /  150° C 

(24 h r  a t  125OC and t o r r )  
(VCM collector plates  a t  25O C) 

I 

0.31 0.. 23 

0.29 0.13 

0.57 0.35 

0.42 0.24 

I 
Mat e rial 

I Glass  f iber  t 

I Ben- Har Pyros leeve  
i ST 
! 
/ 

Acrylic- g lass  fiber 

Ben-Har 263 FC-3 

Ben-Har Acryl A FA-1 

Silicone- glass  fiber 

B e n - H a r  1062 HA-1 

Ben-Har 1151 HA-1 

1 Mfr . 

BHM 

BHM 

B HM 

BHM 

B HM 

BHM, Bentley- H a r r i s  Manufacturing Company 1 

2Resul ts  for  all ma te r i a l s  postcured 24 h r /  150O C were  repor ted  in 
Inter im Report No. 3, December 1966, and a r e  reproduced h e r e  for 
comparison. 
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Table 3 

Micro- VCM Determinations: Hardware and Structural ;  
Waxes f o r  Spacecraft  IR Use 

2 Mfr. 

Montan W a x  (Riebeck Romonta) SAC 

Carnauba W a x  (Parnahya  Grade) SAC 

AHC 

1 
Mat e r ial 

Type F Hoechst E s t e r  Wax 

Type F Hoechst E s t e r  Wax 

Type KSS Hoechst E s t e r  Wax 

( f rom Montan Wax) 

(De- resinified) 
AHC 

AHC 

AHC 

( f rom Montan Wax) 

(De- resinified) 
Type KSS Hoechst E s t e r  Wax 

Type L Hoechst Acid W a x  
( f rom Montan Wax) 

Type L Hoechst Acid Wax AHC 

AHC 

(De- resinified) 

Total  Wt. 
Loss, 70 

2.44 

0.88 

5.47 

4.47 

1.21 

1.08 

1.97 

2.07 

1 
A l l  waxes used as received. 

VCM, 
wt - 7 0  

0.56 

0 .76  

2.98 

2.60 

0.. 13 

0 .11  

0.36 

0.37 

1 

b 

SAC, Strohmeyer  & Arpe Company 
AHC, American Hoechst Corporation 

2 
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Table 4 

Wt. VCM, 
mic rograms  

140 
126 

291 
291 

Comparison of VCM Pick-Up on 
Optical Salt Flats vs Copper P la t e s  - 

(24 hr  a t  125OC and t o r r )  
(VCM collectors at 25O C )  

IR Absorbance 
at 7.95 mic rons  

0.130 
0.122 

0.185 
0.185 

~~ 

Sample - 

Ben-Har Acryl  A FA-1 

Ben- Har Pyros leeve  ST 

Ben-Har 263 FC-3 

Ben-Har 1062 HA-1 

Ben-Har 1151 HA-1 

SE-555 (Red) 

W t - %  VCM on 
Copper Plate 

0.05 

0.23 

0.32 

0.23 

0.35 

0.53 

Wt-70 VCM on 
Salt Flat 

~~ 

0.03 

0.13 

0.38 

0.12 

0.33 

0.55 

Table 5 

Infrared Absorbance vs Weight of VCM 
F r o m  Two Different TypFs of Silicone Effluents 

(Pre l iminary  Data) 

Mater ia l  

Silicone "A" 

Ben-Har 1062 HA-1 

Ben-Har 1151 HA-1 

Silicone llBlr 

SE-555 (Red) 

SR-220 

700 
756 

40 0 

0.315 
0.323 

0.150 

-13- 



Table 6 

24 Proper ty  
Polymer  Type 

48 

Mystik 7452l 

Rubber- res in-  aluminum Wt. loss ,  70 
VCM, wt-70 

Wt. loss ,  70 
VCM, wt-70 

Velvet Black 101-C102 

0.15 0.18 

0.06 0.03 

0.84 0.70 

0.10 0.09 
Alkyd, modified 

Mat e rial 

Velvet Black 10 1 - C10 

Mystik 7452 

Major Component Minor 
of Vaporized Substances Components 

dio c tylp hthalat e 

glycol- benzoat e ; toluene; 

mono- e s t e r  of phthalic water ;  
acid 

- - sebacate  

d io c t y lp  ht ha la t e 

~. - 
96 

0.18 
0.05 

1.01 

0.14 

; o r r  

330 

0.19 
0.03 

1.38 

0.13 
P 

A s  received; dimensions: 0. 5" x 48" x 0. 004" 1 

2Applied to  3-ft lengths of 18- ga copper wi re  and cured  168 h r /  1 l0OC 

Table 7 

Mass  Spectrometr ic  Analysis -- in Situ 
of Mater ia ls  Volatilized a t  125O C and t o r r  

- 14- 
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, 

Mater ia l  

Adhesive 4684/ RC- 805 
Adhesive 4695 1 
Eccobond 55/9  
Eccobond 104 A/B  
Epon 828/Versamid  125 
RTV-40/T-12: P r i m e r  SS-4004 

Table 9 

Weight Adhesion Shear, p s i  
Change, ‘70 Control Tes t  

, t1.98 1627 1066 
t o .  66 962 532 
t o .  23 4450 4120 
t o .  29 1462 1315 
t3.15 2482 2242 
-0.21 592 480 

Effects of Decontamination Cycles on Adhesives 
(Six cycles of humidified ETO-Freon for 30 hr  a t  50° C) 

Weight 
Change, 70 

Adhesion Shear, p s i  
Control I Tes t  

Table 10 

-0.14 4450 
-0.17 1462 
-0.36 2482 
-1. 71 592 

Effects of Thermal -  Vacuum Environment on Adhesives 
(500 hr  a t  135O C and t o r r )  

4400 
1770 
3180 

568 

Mat e r ial 

Mater ia l  

Adhesive 4684/RC-805 
Adhesive 4695 1 
Eccobond 55 /9  
Eccobond 104 A/B  
Epon 828/ Versamid 125 
RTV 40/T-12: P r i m e r  SS-4004 

Weight Adhesion Shear, p s i  
Change, ‘70 Control I Tes t  

1 

Table 11 

Effects of Decontamination Cycles plus Thermal -  Vacuum 
Environment on Adhesives 

Adhesive 4684/ RC- 805 
Adhesive 46951 
Eccobond 55/ 9 
Eccobond 104 A/B  
Epon 828/Versamid  125 
RTV-40/ T- 12: P r i m e r  SS-4004 

1627 I 1554 -3.15 I 
t Cmpe r a t  u r  e s e r vic e l imit  exc e e de d 
-0,.07 
to. 02 
to. 67 
-1.84 

- 17- 
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Table 24 

Effects of Decontamination Cycles on Tapes 
(Six cycles  of humidified ETO-Freon for 30 h r  at 50' C) 

T - P e e l  Test ,  I 
Dim ens ional Weight lb/in-width 

Mat e rial Change, 7'0 Change, '3'0 Control Tes t  

Mystik 7300 -0.37 t1 .24 3.18 3.64 
Mystik 7352 -0.11 t o .  58 2.10 1.68 
Mystik 7452 n. c. t o .  33 2.10 4.86 
Mystik 7455 -0.10 t0 .04  3.74 3.72 
Mystik 7503 -0.17 t o .  02 2.70 2.98 
Mystik 7020 n. c. t2.64 5.61 6.10 

L 
Table 25 

Effects of Thermal -  Vacuum Envizonment on Tapes 
(500 hr  at 135OC and 10- t o r r )  

- . Material  

Mystik 7300 
Mystik 7352 
Mystik 7452 
Mystik 7455 

Mystik 7020 
Mystik 7503 

- 

Dim ens  io nal  

1 
- 5  

T - P e e l  Tes t  
Dim en s ional Weight lb / in- width 

Change, 70 Control Tes t  Change, % -- 

- 2.36 - 1.94 3.18 1.86 
- 1.19 - 2.72 2.10 1.90 

n. c. .- 0.. 34 2.10 9.. 0 1 
n. c. -2.57 3..74. 3.55 

- 1.04 - 0.92 2.70 2.38 
n. c. - 2.64 5.61 5.59 

Mystik 7300 
Mystik 7352 
Mystik 7452 
Mystik 7455 
Mystik 7503 
Mystik 7020 

- 2.44 
- 1.24 

n. c .  
-0.71 
-0.71 

n. c. 

- 2.44 
- 1.24 

n. c .  
-0.71 
-0.71 

n. c. 

Weight 
Change, 7'0 

-1.44 
-3.08 
-0.31 

.- 2.. 56 
- 1.20 
- 2.32 

T - P e e l  Test ,  
lb / in- v 

Control 

3.18 
2.10 
2.10 
3.74 
2.70 
5.61 

dth 
Tes t  

2.98 
1.42 

11.07 
3.75 
2.12 
8.16 
-- 

Table 26  
Effects of Decontamination Cycles plus Thermal -  Vacuum 

Environment on Tapes 
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Table 2 7  

ti I 

Effec ts  of Decontamination Cycles on Tie  Cord/  Lacing Tapes 
(Six cycles  of humidified ETO-Freon for 30 h r s  a t  50° C) 

Elongation 
p s i  
Tes t  

39,000 

32,800 

a t  Break,  70 
Control Tes t  

<1  <1  

<1  <1 

Mater ia l  

Table 28 

Dim ens ional Weight T ens il e 
Change, 7'0 Change, 70 Control 

Stur-D-Lace 18DH 

Nomex 722 

L, $2.40 t 1 . 3 5  32,000 

L, t 3 . 5 0  t2 .50  36,000 
i 

p s i  
Tes t  

7- 
1 

at Brea  
Cont r o l  - ..-I-.- Mater ia l  

Nomex 722 

Stur-D-Lace 18DH 

_--. 

Dimensional Weight , Tensile,  
Change, '7'0 Change 70 Control - 

- 1.45 32,000 

-4.28 36,100 i L, -0 .21  T- L, -11.04 

_-_ __ - _ _  - ___  __  

Table 2 9  

34,100 

32,600 
_._ 

Effects of Decontamination Cycles plus Thermal -  Vacuum 
Environment on Tie Cord/  Lacing Tapes 

< 1  

<1 

Mater ia l  
a- 

Stur-D-Lace 18DH 

Nomex 722 

Weight 1 Tensile, l  p s i  
Change, 70 Control Tes t  

- 1.39 32,000 38,000 

Dimensional 
Change, 7'0 

L, -7 .17  

L, 4-3.29 I 36,100 35,900 I - 3.25 

<1 

c 1  
I I - 

< 1  

<1 

-I <1 

Elongation 
a t  Break,  70 

1 

- 2 7 -  



Table 30 

I 

Estimated Mol- Ratios 

Control E T  0::: ETO-TVE':' T VE::' 
Sample Expo s u r e  Exposure Exposure 

Low-mol. - wt. 2.7 5.3 4.3 1.2 

T r i m e  thy1 silanol 1.0 1.0 1.0 1.0 

Cyclic siloxanes 0.4 1.4 1.8 0.5 

Component 

si l icones 

L 

Mass  Spectrometr ic  Analysis of Substances 
Released by RTV-602 a t  125O C in  Vacuo 

After Different T rea tmey t s  

- 28- 
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